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I. Executive summary

Pressure broadening and pressure-induced shift coefficients due to water and nitrogen

have been determined for water vapor transitions in the CO2 region of interest to

Project HALOE. The temperature dependences of the widths and shifts have also

been determined for selected transitions in this region. Results have been compared

with values available in the literature. The line parameters have been obtained from

the analysis of room temperature recordings of the spectrum of pure water and

recordings of the spectra of heated water/nitrogen mixtures. The recordings of the

water vapor spectrum were obtained with Fourier Transform Spectrometers at Kitt

Peak and at the Justus-Liebig-Universit_it Giessen. Up to eighteen spectra have been

fitted simultaneously with a multispectrum nonlinear least-squares fitting technique

(1) developed by Dr. D. Chris Benner and colleagues.

II. Background

Detailed, precise information about the infrared spectrum of water vapor is vital in the

interpretation of satellite data of the Earth's atmosphere. Present information on water

vapor line positions, line strengths, line widths and line shifts available in atmospheric

databases is useful, but incomplete.

The results presented here complement existing knowledge of line parameters by

providing experimentally determined broadening and shifting coefficients for selected

transitions. Self-broadening coefficients, for example, have been investigated by Mandin et

al (2) in this region in 1982 (and more recently in nearby regions by Toth et al (3)), but are

not included in HITRAN96 in this region (around 3500 cm-t). The air broadening

coefficients given in HITRAN96 are those converted from calculated values for line

widths in nitrogen by Gamache and Davies (4) using the expression

bL°(H20-air) 0.90 o= bL (H20-N2)

In addition, the temperature dependence n of the air broadening coefficient

is fixed at 0.64 in H1TRAN96 for all transitions in this region.



This work provides estimates of the temperature dependence n for selected transitions, and

provides experimentally determined self- and nitrogen-broadened widths.

The shifting coefficients as a result of increasing pressure of perturbing gas (nitrogen,

in this case) have also been determined. The model used for these determinations

was

d = do + d' (T-To).

III. Experimental Data

Two sets of data were fit simultaneously using LABFIT (1). The first set (heated

water vapor in nitrogen) was collected with the McMath Fourier Transform

spectrometer in 1994 using a heatable multireflection cell at the National Solar

Observatory on Kitt Peak. These data provide information on nitrogen-broadened

widths and shifts, and the temperature dependence of these widths and shifts. The

second set of data (heated water vapor) was collected in 1998 using a single path

temperature controlled absorption cell and the Bruker IFS120 HR located at the

Justus-Liebig-Universit_it- Giessen, Germany. These data provide information on

self-broadened widths and the temperature dependence of these widths. The

measurement parameters for these recordings are summarized in Tables 1 and 2.

IV. Results of Work

Analysis of the spectra has resulted in improved line parameters for 131 lines in the

region to date. The majority of the lines belonged to the vl (62) and v3 (38) bands.

The rest of the transitions were from the 2v2 (15), v2+v3-v2 (12) and v2+Vl-V2 (4)

bands.

Parameters were determined for water vapor perturbed by nitrogen and by water. The

error bars in the figures represent two standard deviations. The horizontal axis in

many figures provides information on the rotational characteristics of the transition

(jm is the maximum j value, km the maximum k value) in the notation used by Toth,

Brown and Plymate (3).

Parameters determined pertaining to nitrogen perturbation include nitrogen-broadened

widths (Figures 1 and 2), temperature dependence of nitrogen-broadened widths



(Figure 3a), nitrogen-inducedline shifts (Figures 4 and 5), and temperature

dependenceof nitrogen-inducedline shifts(Figure6aand6b).

Parametersdeterminedpertainingto waterperturbationincludeself-broadenedwidths

(Figures7 and 8) andtemperaturedependenceof self-broadenedwidths(Figure3b).

The results obtained have been comparedwith selectedavailable values in the

literature(2) (Figure9) andHITRAN (Figure 10). Table3 providesa comparisonof

self-broadenedline widthsdeterminedherewith thosedeterminedby Mandinandco-

workers(2). Error barshavebeenomittedin Figures9 and 10. An overviewof the

comparisonbetweentheparametersfoundby thiswork andthevaluesavailablein the

HITRAN96 databaseis foundin Figures11- 13.

Figure11illustratesacomparisonof Nitrogenbroadenedwidthsof waterlines,computed

by (This work-HITRAN)/HITRAN. HITRAN valuesare actually for air-broadened

widths,andthesewereconvertedto nitrogen-broadenedwidthsfor comparison.J" is theJ

valuefor the lowerstate. Notethattherearegreaterdifferencesbetweenvaluesin this

work and valuesfrom HITRAN for the higherJ transitions. Figure 12 providesa

comparisonof line intensitiesfrom this work with thoseavailablein HITRAN96. The

valuesplottedherewere computedby (This work - HITRAN96)/HITRAN96. The

horizontalaxis representsthe naturallogarithmof the intensityof the line. Note that

deviationsaremuchgreaterfor weakerlines,andthat intensitiesfoundin this work are

generally10-20%higherthanHITRAN96 for the strongest,andthus most frequently

measuredlines.Figure13providesa comparisonof line positionsfrom this work with

thoseprovidedin HITRAN96. Thevaluesplottedherewerecomputedas(Thiswork -

HITRAN96).Thelinepositionandlinestrengthinformationin HITRAN96is thesameas

thatprovidedin HITRAN86,whenthe positionsandstrengthswereupdatedto include

thosepublishedby Camy-Peyret,FlaudandToth in their 1981watervaporline atlas(5).

In casesin whichthe1981linepositionsarecontradictedbymorerecentworks(6,7,8),the

linepositionvaluesaregenerallyoff thescaleandarenot includedinFigure13. Affected

transitions,however,wereincludedwith their correctlyfitted line positionsin the fits

performed.

Thewavenumbercalibrationof theGiessendatais presentlya subjectof discussion

with the Giessenlab. As soon as thesedifficulties are resolvedthe self-shifting



determined for sixty transitions in this region, but are too heavily influenced by the

questionable wavenumber calibration of the Giessen data to be considered reliable.

The concentration calibration of the air/water spectra is also under discussion, and fits

including these will be performed shortly.

V. Presentation of Work

The work performed in connection with NASA Grant NAG-1-2084 has been the subject

of two presentations and is currently being prepared for publication. The two

presentations were an invited lecture, "Water, Water Everywhere .... but How Much?

Application of Molecular Spectroscopy to the Study of Earth's Atmosphere" at Ohio

Wesleyan University, Delaware, Ohio, December 1998, and the contributed poster "Water

Vapor Line Parameters in the 3500-3650 cm -_ Region" (with D. C. Benner, V. Malathy

Devi, M. A. H. Smith, and M. Lock), poster D26, 16th International Colloquium on High

Resolution Molecular Spectroscopy, Universit6 de Bourgogne, Dijon, France, September

1999.
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VIII: Tables 1-3

Table 1: Heated Water Vapor/Nitrogen Measurements, National Solar

Observatory, Kitt Peak. Absorption Pathlength: 22.35m (baselength .5588m)

Resolution (1/MOPD): 0.0106 cm -l, No. of Scans: 6

Temp. Pressure VMR PH2o Recording

(/C) (/Torr) (Pit2o/P) (/Torr)

i f

101 249.9 249.8 0.000 65 0.16 470

32 0.034 .034 0.40 0.014 47 l

51 359.8 368.4 0.000 08 0.029 472

51 250.2 251.2 0.000 1 0.025 473

51 0.590 0.629 0.52 0.31 474

51 400.5 400.4 0.000 7 0.28 475

51 225.7 225.8 0.001 2 0.27 476

100 1.741 2.269 0.93 1.86 477

100 420.9 421.2 0.004 1.69 478

100 208.6 209.1 0.007 8 1.62 479

150 375.2 376.3 0.009 2 3.45 481

150 176.1 177.4 0.02 3.15 482

Table 2: Heated Water Vapor Measurements, Justus-Liebig-Universit_it Giessen,

Germany. For all recordings: Absorption Path length: 3.02m Resolution

(1/MOPD): 0.00556 cm -1

Spectrum Pressure Temp. (/C) Scans Signal-to-

(/mbar) Noise

i f i f (pp/rms)

C 0.52 0.55 49.75 49.8 600 560/2600

F 1.05 1.08 49.80 49.8 600 720/3130

G 2.65 2.68 99.60 99.7 600 550/2610

H 5.33 5.22 99.70 99.7 323 570/2430

I 5.30 5.34 144.1 144.3 600 171/790

J 10.73 10.85 144.4 144.5 600 280/1240



Table 3: Comparison of Self-Broadened Widths with Ref. (2)

Band Position J' Ka' Kc' J" Ka" Kc" This % Mandin % Pred

/cm -I Work Error (2) Erro (2)

r

2V2 3520.239 7 2 5 6 1 6 0.470 24 0.485 18

2V2 3506.705 6 4 3 5 3 2 0.410 4 0.452 20

V_ 3500.877 9 2 8 9 3 7 0.304 11 0.364 18

Vl 3501.226 8 4 5 8 5 4 0.393 4 0.346 18

vl 3511.596 4 1 3 5 2 4 0.412 1 0.61 20

v_ 3512.609 7 4 3 7 5 2 0.395 4 0.375 18

vl 3513.835 7 4 4 8 3 5 0.383 2 0.384 17

vl 3514.048 9 1 8 9 2 7 0.348 2 0.374 18

v_ 3514.167 5 4 1 5 5 0 0.351 3 0.336 18

v_ 3519.850 8 2 7 8 3 6 0.357 2 0.461 20

vt 3521.294 8 3 6 8 4 5 0.311 4 0.42 23

vl 3526.395 9 5 4 10 4 7 0.137 24 0.356 18

vt 3530.073 7 3 5 7 4 4 0.434 2 0.382 20

vl 3530.760 5 1 5 6 0 6 0.348 4 0.578 30

vl 3540.175 5 3 3 5 4 2 0.417 2 0.471 23

v3 3501.064 8 5 4 9 5 5 0.340 2 0.341 20

v3 3506.083 5 3 2 5 5 1 0.346 8 0.323 18

v3 3513.072 3 1 3 4 3 2 0.459 8 0.609 20

v3 3518.992 4 1 3 5 3 2 0.460 4 0.661 23

v3 3521.118 7 2 6 7 4 3 0.444 22 0.496 23

v3 3531.376 7 4 3 8 4 4 0.343 4 0.426 20

v3 3534.272 6 1 6 6 3 3 0.451 4 0.459 17

v3 3538.785 6 2 5 6 4 2 0.310 12 0.562 20

.471

.471

.502

.473



IX: Figures 1-13

Figure 1" Nitrogen-broadened widths in v] of H20. The horizontal axis describes the

rotational characteristics of the transition (jm is the maximum j value, km the maximum k

value).
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Figure 2: Nitrogen-broadened widths in v3 of H20. The horizontal axis describes the
rotational characteristics of the transition
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Figure 3: Temperature dependence of perturber-induced Widths: Figure 3a: Perturber:

N2: vl lines are represented by the triangles and have slightly higher n values than the v3

lines, which are represented by squares. These values are compared to the standard value

for H1TRAN which is 0.64 (dashed line). The horizontal axis describes the rotational

characteristics of the transition: jm represents the maximum j number, and km represents
the maximum k number.
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Figure 3b: Perturber: H20:V1 lines are represented by the triangles and have slightly

higher n values than the v3 lines, which are represented by squares. These values are

compared to the standard value for HITRAN which is 0.64 (dashed line). The horizontal

axis describes the rotational characteristics of the transition: jm represents the maximum j

number, and km represents the maximum k number.
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Figure 4: Nitrogen-pressure-induced line shifts in vj of H20. The horizontal axis describes

the rotational characteristics of the transition (jm is the maximumj value, km the

maximum k value).
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Figure 5: Nitrogen-pressure-induced line shifts in v3 of H20. The horizontal axis describes

the rotational characteristics of the transition (jm is the maximum j value, km the

maximum k value).

0.015
0.010

0.0050.000
-0.005

-0.010

-o.o 5
-0.020
-0.025

0 1 2 3 4 5 6 7 8 9 10 11 12 13

km +. 1 (jm- km)



Figure 6a: Temperature dependence of nitrogen-pressure-induced line shifts in vr of H20.

J" is the lower state J value.
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Figure 6b: Temperature dependence of nitrogen-pressure-induced line shifts in v3 of H2O.

J" is the lower state J value.
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Figure 7: Self-broadened widths in Vl of H20. The horizontal axis describes the rotational

characteristics of the transition (jm is the maximum j value, km the maximum k value).
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Figure 8: Self-broadened widths in v3 of H20. The horizontal axis describes the rotational

characteristics of the transition (jm is the maximum j value, km the maximum k value).
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Figure 9: Comparison of results of this work with results of the work of Mandin et al (2).

The values obtained from this work appear on the x axis and the values from Ref. 2 appear

on the y axis. The asterisks denote calculated values from Ref. 2 for several lines for

which Mandin et al had large uncertainty in experimentally determined values.
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Figure 10: Comparison of results of this work with values from H1TRAN96. The values

obtained from this work appear on the x axis and the values from HITRAN on the y axis.
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Figure 11: Comparison of Nitrogen broadened widths of water lines, computed by (This

work-HITRAN)/HITRAN. HITRAN values are actually for air-broadened widths, and

these were converted to nitrogen-broadened widths for comparison. J" is the J value for the
lower state.
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Figure 12: Comparison of line intensities from this work with those provided in

HITRAN96. The values plotted here were computed as (This work - HITRAN96)/

HITRAN96. The horizontal axis represents the natural logarithm of the intensity of the

line. Note that deviations are much greater for weaker lines, and that intensities found in

this work are generally 10-20% higher than HITRAN96 for the strongest lines.
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Figure 13: Comparison of line positions from this work with those provided in

HITRAN96. The values plotted here were computed as (This work - H1TRAN96). The

horizontal axis represents the rotational characteristics of the transition: jm represents the

maximum j number, and km represents the maximum k number.
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